The purpose of this study was to investigate whether the lower visual ®eld advantage reported on a number of visual tasks depends on the activity of neural systems which process information from different spaces. To this end, a double dissociation logic was followed by observing the effects of visual and spatial interference on a relocation memory task performed by 80 volunteers. Results showed that participants were better at relocating stimuli presented in the lower than in the upper visual ®eld. Moreover, a concurrent spatial task, but not a concurrent visual task, disrupted the visual ®eld vertical asymmetry. Those ®ndings con®rm that the vertical asymmetry of visual ®eld depends on the spatial processing of incoming stimuli.
INTRODUCTION
Visual ®eld asymmetries in human information processing have been a topic of interest to cognitive neuroscience since several decades [1, 2] . The asymmetry of the neural processes between left and right visual ®elds has been extensively investigated, and is considered to correspond to functional differences between left and right hemispheres. Other asymmetries have also been described, although to a lesser extent, but little is known about their neurobehavioral meaning. Several neurophysiological and behavioral studies showed that human performance on various visual tasks changes according to whether stimuli are presented in the lower or in the upper visual ®eld: For instance, MEG responses to visual pattern onset are larger when stimuli are presented in the lower than in the upper visual ®eld [3] . Moreover, magnetic responses to apparent motion show a direction-dependent modulation in the upper visual ®eld but not in the lower visual ®eld [4] . Behavioral studies also showed vertical visual ®eld asymmetries. For instance, the segmentation of an image into ®gure and background is performed better in the lower visual ®eld [5] , and the lower visual ®eld was found to be the most sensitive to chromatic motion under isoluminant conditions [6] . Also, attentional resolution was reported to be greater in the lower than in the upper visual ®eld [7] , and neglect symptoms were reported to be more evident in the lower than in the upper visual ®eld [8] .
Notwithstanding the ®ndings reported in literature, the nature of the vertical visual ®eld asymmetry remains unclear. One of the most comprehensive accounts was proposed by Previc [9] , and refers to the differences between the two major streams of processing in the visual system of primates, as they are shown at both subcortical (magnocellular/parvocellular) [10] and cortical level (dorsal/ventral organization of the visual system) [11] . Previc posited that the processing of stimuli from lower and upper visual ®elds are subserved by those two neural systems, and that they are respectively related to the near/ peripersonal and far/extrapersonal spaces [12] . According to this perspective, the specialization of the lower and upper visual ®elds and their neural systems depends on the segregation of the near and far spaces, which occurred during primate evolution. The lower visual ®eld would be mainly involved in the perceptual processes required for visuomotor coordination in the peripersonal space, largely performed by the dorsal pathways of the primate visual system, whereas the upper visual ®eld would be linked with the visual search and recognition mechanisms directed toward the extrapersonal space, primarily controlled by the ventral system.
The hypothesis that information from the lower and the upper visual ®elds are respectively processed by the peripersonal and the extrapersonal neural systems is very appealing for its ability to account for a broad range of ®ndings. Still, more direct positive evidence is needed, as just a lower visual ®eld advantage on visual tasks could be not speci®c to spatial processing. Since the hypothesized relationship between the vertical organization of the visual ®eld and the near/far space distinction depends on the spatial organization of the incoming visual information, it leads to clear-cut predictions about the human performance on spatial working memory tasks [13] . Indeed, several empirical ®ndings suggested a fractionation of the mechanism specialized for short-term storage of visuo-spatial material into two independent components, implied in processing and storage visual and spatial information, respectively [14, 15] . It is noteworthy that such a distinction was also linked to the distinction between the two separate pathways connecting visual cortex to the inferior temporal lobe and to the posterior parietal areas which are engaged in the processing of object properties of a stimulus, such as form, color, contour, and in the processing of spatial stimulus features, such as absolute and relative spatial location, respectively [11] . The aim of this study was to investigate whether the asymmetry in processing information from the upper and lower visual ®elds also affects performance on spatial memory tasks. According to the perspective proposed by Previc [9] , performance on a relocation memory task based on positional encoding [16, 17] should be better for stimuli presented in the lower than in the upper visual ®eld. More importantly, if the vertical asymmetry of visual ®eld were space-oriented, then a concurrent spatial interference task should interfere with the performance on the relocation task by disrupting the upper/lower asymmetry, whereas a concurrent visual interference task should also interfere with the performance, but leave intact the lower visual ®eld advantage.
MATERIALS AND METHODS
Eighty individuals were recruited to participate in the experiment. Their mean age was 24.3 years (range 20±30 years). All were undergraduate students, and reported normal or corrected to normal vision. All participants reported to be right handed, and were naive as to the purposes of the experiment.
Patterns composed of eight 1.5 3 1.5 cm blue blocks served as stimuli. In each pattern, blocks were randomly and evenly arranged within a 31 3 23 cm frame, half the number of blocks displayed in the upper visual hemi®eld, and the other half in the lower visual hemi®eld. Participants were not aware of the latter condition, as the mean between-blocks distance on the horizontal dimension equated that on the vertical dimension. Blocks were displayed on a light grey background, were never aligned one to each other, and did not overlap.
Participants were seated at a table, in a silent and dimly illuminated room, facing a computer monitor placed straight ahead with its center at their eye-level. An adjustable chin rest precluded their head movements. Participants viewed the screen binocularly at a viewing distance of 50 cm. On each trial, the blocks were initially presented on a row at the top of the display, along with a start button at the bottom. After the participants clicked on the start button, it disappeared and the blocks were showed at their random locations. Since spatial interference effects appear to be slower to build up than visual interference effects [18] , participants were allowed to observe the pattern for either 10 or 20 s. After the observation time was elapsed, the blocks disappeared and were showed again on a row at the top of the display. The participants' task was to select the blocks with the mouse, and drag them at their previous locations. They were asked to relocate the blocks as accurately as possible, and it was emphasized that all of them had to be relocated, including those whose positions had been forgotten. The relocation task had no time limit, and the participants were free to correct the positions of the blocks as often as they wanted. Upon task completion, they had to click on the next button on the screen to start the next trial. Participants received two practice and eight experimental trials. Random locations were newly generated on each trial.
Participants were randomly assigned to four groups of 20. Each group was given one of two observation time conditions (either 10 s or 20 s) and one of two interference conditions (either visual or spatial). In the visual interference condition, the random-colored outlines of seven geometrical shapes were presented at random positions on the background. The size of the geometrical shapes ranged between 4 3 4 cm and 10 3 10 cm. Every 200 ms, the form, color, size, and location of one of them was changed. Participants did not perform any task on those stimuli, as they are assumed to be automatically encoded [19] . In the spatial interference condition, participants had to tap sequentially with their right ®nger the four corners of a mouse-pad placed on the desk at their right side. Movement had to be performed clockwise, and in a continuous and regular manner. Both interference conditions were only administered during the observation time of each trial, and were suspended while participants relocated the blocks. The relocation task was administered twice for each participant, once alone and once along with one of the two interference conditions (dual-task), in a random order.
Performance was measured as the total number of correctly relocated blocks in each condition. Since blocks were almost never relocated in exactly the same original locations, we de®ned an arbitrary area around the originally occupied locations which counted as a correct relocation [20] . The radius of the area was 1.5 cm, like the linear dimension of the blocks.
There were two conditions produced by the withinsubjects factor of task (with and without interference), two conditions produced by the within-subjects factor of hemi®eld (upper and lower), two conditions produced by the between-subjects factor of interference (visual and spatial), and two conditions produced by the between-subjects factor of time (10 s and 20 s). Figure 1 shows the mean number of correctly relocated blocks for each condition. One participant in the spatial interference, 10 s observation time group was not able to comply with the task and was excluded from the analysis. Analysis on performance data showed signi®cant main effects of task (F(1,75) 1,75) 4.41, p 0.04, respectively). As main effects, individuals performed better when they had to relocate objects without simultaneously performing the interference tasks, and when they were allowed to observe the objects' locations for a longer time, independently of the other factors. Individuals of the groups engaged in the visual interference condition also performed better than individuals engaged in the spatial interference condition. More importantly, individuals were more accurate when they relocated objects which had been previously presented in the lower visual hemi®eld than when they relocated objects which had been presented in the upper visual hemi®eld. Duncan testing of the third-order interaction showed that the spatial interference task reduced the number of correctly relocated objects when individuals were allowed to observe the objects' locations for 20 s, and that such an interference effect makes the upper/lower hemi®eld asymmetry disappear. No effect of the spatial interference task was found when individuals were allowed to observe the objects' locations for 10 s: in this case, no interference effect was present and the same upper/lower visual hemi®eld asymmetry was found independently of individuals performing the relocation task alone or along with the spatial interference task. The opposite pattern of results was found for individuals performing the visual interference task. The interference effect was indeed found only when individuals were allowed to observe the objects' locations for 10 s, and it was the same independently of whether the objects had been presented in the lower or in the upper visual hemi®eld.
RESULTS

DISCUSSION
The results of this experiment show that participants performed better when relocated objects presented in their lower visual ®eld than objects presented in their upper visual ®eld. This ®nding con®rms previous evidence that an upper/lower asymmetry of the visual ®eld exists, and suggests that it is not limited to visual perception or attention, but extends to spatial memory as well. It should be noted that previous studies [21] showing a lower visual ®eld advantage on memory tasks used complex visual scenes as stimuli, which do not allow separating the relative contributions of verbal, visual and spatial information processing. The lower visual ®eld advantage on the relocation memory task is in fair agreement with the hypothesis that it is involved in the processes required for visuomotor coordination in the peripersonal space, performed by the dorsal pathways of the visual system. Indeed, the dorsal visual pathways are believed to be mainly involved in processing the spatial properties of the incoming stimuli, such as their spatial locations. However, such evidence cannot be considered other than indirect, as a pure perceptual bias toward the lower visual ®eld would have produced the same pattern of results. Results on interference effects are more important with respect to the hypothesis that the upper/lower visual ®eld asymmetry depends on the spatial rather than on the visual properties of the incoming visual information. Indeed, the visual interference task impaired the participants' overall performance on the relocation memory task, as it was expected, but left the upper/lower visual ®eld asymmetry unaffected. On the other hand, the spatial interference task effects on the participants' performance on the relocation task were almost exclusively limited to the reduction of the upper/lower visual ®eld asymmetry. According to the hypothesis that visuo-spatial working memory is subserved by two independent components which process and store visual and spatial information, respectively, the double dissociation we found strongly suggests that the vertical asymmetry of visual ®eld is spatial in nature.
CONCLUSION
The asymmetry of the neural processes between the lower and the upper visual ®elds was interpreted as due to the activity of two separate neural systems involved in processing information from the peripersonal and the extrapersonal spaces, respectively. Thus it was argued that it depends on the spatial features of the incoming visual stimuli. Our data support that hypothesis by showing that a vertical organization of the visual ®eld also appears when individuals perform a relocation memory task, and that it is disrupted by interfering with the spatial but not with the visual processing of incoming stimuli. 
